Background
ineffective drug therapy (27.6%) and need additional drug therapy (27.4%). Most commonly implicated drugs were beta-blockers (34.4%), angiotensin converting enzyme inhibitors (24.8%), statins (16.5%) and antithrombotics (13.1%). Factors contributing to DTP were age >50 years (AOR [adjusted odd ratio] = 5.43, 95%CI [95% confidence interval] = 2.03-14.50); negative medication belief (AOR = 3.50, 95%CI = 1.22-10.05); poor involvement of patients in the therapeutic decision makings (AOR = 4.11, 95%CI = 1.91-8.88); number of co-morbidity�2(AOR = 5.26, 95%CI = 2.38-11.65) and number of medications �5 (AOR = 3.68, 95%CI = 1.28-10.51).
Conclusion
DTPs are common among ambulatory care HF patients. Patients with older age, negative medication belief, polypharmacy, co-morbidities and those who were poorly involved in the therapeutic decision were more likely to experience DTP. Despite traditional prescription refilling, an integrated multidisciplinary approach involving patients and clinically trained pharmacists should be implemented in the patient care process at ambulatory care clinics in order to improve overall outcomes and reduce DTPs and associated burdens in HF patients.
Background
Heart failure (HF) is a progressive and complex clinical syndrome that can occur due to impairment of cardiac structure or function that leads to the inability of the heart to fill with or pump sufficient amount of blood to meet the metabolic need of the body [1] [2] [3] . HF is a major public health problem that affects about 26 million peoples worldwide [4, 5] . In spite of effective pharmacotherapy, HF remains the leading cause of morbidity, mortality and economic burden for health care budgets [6, 7] .
Heart failure management often involves lifestyle modification and lifelong therapy with multiple medications, and the list of medications has expanded considerably since the last three decades [8] . HF treatment has been largely an add-on phenomenon; thus, optimal HF therapy has become increasingly complex [8, 9] . According to evidence-based guidelines, angiotensin-converting enzyme inhibitors (ACEIs), beta-blockers (BBs), angiotensin receptor blockers (ARBs), hydralazine with long acting nitrates, and spironolactone have all been shown to decrease morbidity and mortality in HF [1, 3, 10] . Despite this, medications for HF are often underutilized [10] [11] [12] .
Drug therapy problem (DTP) refers to any unwanted incident related to medication therapy that actually or potentially affects the desired goals of treatment [13, 14] . DTP can occur at all steps of the treatment process, mainly during prescribing, transcribing, dispensing and patient use of medication therapy [15] . DTPs are categorized into seven major classes. These include; unnecessary drug therapy, need additional drug therapy, ineffective drug therapy, dosage too low, dosage too high, adverse drug reaction (ADR) and non-compliance [14] .
Drug therapy problem is one of the public health problems worldwide and has been significantly increased over the past few decades [16] . It was estimated that around 5-10% of hospital admissions were due to DTPs, in which more than half of them are avoidable [16] . Worldwide, more than half of all medicines are prescribed and dispensed inappropriately and half of the patients fail to take them correctly [17, 18] . Although most medications are beneficial with excellent safety profile, DTPs may compromise the quality of life, increase hospitalization, increase overall health care cost and even leads to death if not detected and resolved early [19] .
Drug therapy plays a crucial role in the treatment and improvement of the well-being of HF patients. However, the benefits of drugs brought to patients may be compromised due to the occurrence of DTPs. DTPs are frequent in HF patients mainly owing to multiple prescriptions, multi-comorbidities, and advanced age [8, 20, 21] . In patients with HF and other cardiovascular diseases, the frequency of DTPs has been reported to be as high as 78% and 69%, respectively [22, 23] . The majority of preventable HF hospitalizations, deaths and increased health care cost are due to poor adherence to the use of approved evidence-based medications [24] . It has been reported that about 17% of HF patients may experience adverse effects of their medication and ADR-related hospitalizations account for 6.7% of admissions of HF patients to cardiac units [25] .
There are limited studies published on the type and extent of DTPs and their contributing factors in developing countries [26] . To our knowledge, there is no study done on DTP among HF patients at ambulatory care setting in Ethiopia. Hence, it is very crucial to conduct studies on DTPs in ambulatory care HF patients in countries like Ethiopia, where there are limited healthcare resources, overburdened health care system and inadequate trained health care professionals, in order to develop preventive strategies. Therefore, this study was aimed to assess the magnitude of DTPs and their contributing factors in the management of patients with HF in ambulatory care clinic of Jimma University Specialized Hospital (JUSH), Southwest Ethiopia.
Methods and materials

Study design and study setting
A hospital based prospective observational study was conducted at the ambulatory care clinic in JUSH, Oromia, Ethiopia. JUSH is a teaching and referral hospital. It is the largest public hospital in southwest Ethiopia which is estimated to have about 15 million catchment population.
Study population and data collection procedure
Consented HF patients aged � 18 years who had complete medical records and regular follow-up between May 2015 and April 2016 were included in the study. Patients were recruited into the study during their appointment for medication refilling. Patients were excluded if they were newly diagnosed with HF (<6 months), seriously ill to complete the interview, unwilling to give consent, and their medical record not complete or available for further review.
A sample of 355 was calculated using a single population proportion formula assuming 50% proportion of DTPs, 95% confidence level, 5% margin of error and 10% of contingency for non-response rate. We approached a total of 355 participants; of whom, 15 patients were excluded from the study due to the duration of HF<6 month (3), unwilling to give consent (4), and incomplete medical record (7) and serious illness to complete the interview (1). Patients were interviewed consecutively according to their appointment schedule using the interview questionnaire and their respective medical chart was retrieved using the retrieval checklist. Interview questions included socio-demographics, medication adherence, medication experience and previous medication history assessment. Respective patient's medical, medication and laboratory records were reviewed. Three clinical pharmacists, two nurses and one physician were involved in data collection. Training and orientation were given to professionals involved in data collection.
Drug therapy problems identification and assessment
Drug therapy problems were identified and classified using the Cipolle's method [14] followed by a consensus meeting with a panel of experts including medical internists and clinical pharmacists. The experts further refined DTP identification and classification method to the study setting based on treatment guidelines and literature reviews [1, 3] . The identification of DTP was based on a review of patients' medical and medication records, assessment of laboratory investigations, patients interview about medication experience, and physical observation. Specific information about medication therapies, such as the recommended drug of choice, recommended dosages, frequency of administration, duration of therapy, drug-interactions and adverse drug events were compared based on details from the standard pharmacotherapy textbooks and HF treatment guidelines [1] [2] [3] .
Definition of terms and variables
Participants who were able to read and write, and had attended at least to an elementary school level were said to be educated, otherwise, they were considered as uneducated. Poly-pharmacy refers to the concurrent use of greater than or equal to five drugs. Patient belief on medication refers to the patient's attitude toward taking medication and description of wants, concerns, understanding, beliefs, and behaviours which was measured by belief about medication questioner (BMQ), in which the patient's belief was considered as positive when the average sum of 5-item patient's medication necessity scale score exceeded the average 5-item medication concerns scale otherwise it was considered as negative. Patient involvement in drug therapy decision means the degree of involvement of patients in the decision of their drug therapy, which was measured using 2-item 5-point Likert scale using self-reported questionnaire about patient involvement in therapeutic decision, where respondents indicated their degree of involvement ranging from 1 = never to 5 = all times. Accordingly, patients were said to be actively involved if the average score was above the mid-point (>5) otherwise poorly involved. Medication availability means the pattern of availability of medicines in the healthcare institution, where the participants get services, which was measured using single item self-reported questionnaire that contains a 5-point Likert scale question where respondents indicated their degree of agreement about the availability of their medicines ranging from 1 = never to 5 = all times. Accordingly, patients were said to have no availability problem if the patient responded their medicines were available most of the time /all times but if they responded their medicines were available sometimes/rarely/never, then it was considered that they had availability problem. DTP refers to any unwanted incident related to medication therapy that actually or potentially affects the desired goals of treatment, which was identified using Cipolle's method [14] followed by a consensus meeting with experts. DTPs were categorized in to seven major groups base on Cipolle's method. These include: including unnecessary drug therapy, needs additional drug therapy, ineffective drug therapy, dosage too low, adverse drug reaction, dosage too high and noncompliance.
Category of DTPs were defined and identified based on Cipolle's method [14] as follows: Unnecessary drug therapy is considered when:
• there is no valid medical indication for the drug therapy at this time,
• multiple drug products are being used for a condition that requires single drug therapy,
• the medical condition is more appropriately treated with nondrug therapy
• the drug therapy is used to treat an avoidable adverse reaction associated with another medication.
Need for additional drug therapy was considered when:
• the medical condition requires the initiation of drug therapy
• Preventive drug therapy is required to reduce the risk of developing a new condition.
• the medical condition requires additional drug therapy to achieve synergistic or additive effects.
Ineffective drug therapy was considered when:
• the least effective drug is used while the most effective drug is available
• the drug is used for medical condition which is refractory to the drug product.
• the drug product used is not an effective product for the medical condition being treated Dosage too high was considered when:
• the dose is too high
• dosing frequency is too short
• the duration of drug therapy is too long
• the drug interaction occurs that could result in a toxic reaction to the drug product
• the dose of the drug was administered too rapidly Dosage too low was considered when:
• the dose of the drug is too low to produce the desired response
• the drug interaction occurs that could reduce the amount of active drug available
• the duration of drug therapy is too short to produce the desired response
• the dosage interval is too infrequent to produce the desired response Adverse drug reaction was considered when:
• the drug causes an undesirable reaction that was not dose-related
• the drug interaction causes an undesirable reaction that is not dose-related
• the drug causes an allergic reaction
• the drug is contraindicated due to risk factors
• the dosage regimen administered or changed too rapidly
Noncompliance is considered if a patient fails to take medications appropriately due to one of the following reasons:
• lack of understanding the instructions
• preference not to take the medication • forgetfulness • inability to swallow or self-administer the drug product appropriately
• affordability and availability problem
Data analysis
Data were entered into an EPI data management and analyzed using the IBM Statistical Package for the Social Science (IBM SPSS version 20.0 Inc., Chicago, Illinois). Descriptive analysis was computed as frequency, mean and standard deviation (SD). Multicollinearity was checked to test correlation among predictor variables using variance inflation factor and none was collinear. Univariable logistic regression analysis was performed to determine the association of each independent variable with DTP, and then independent variables with p value <0.25 in univariable analysis were included into a multivariable binary logistic regression model to identify predictors of DTP. A p value of <0.05 was considered statistically significant in all analyses.
Ethics
This study was approved by the institutional review board (IRB) of Jimma University, College of Health Sciences. The purpose and protocol of this study was fully explained to all study participants. Written informed consent was obtained from all participants included in this study. The privacy of personal information was entirely confidential and protected. All the methods were performed in accordance with approved institutional guidelines.
Results
Socio-demographic characteristics
A total of 355 patients were approached; of whom, 340 patients were included in the study while 15 patients were excluded from the study due to duration of HF<6 months (3), unwilling to give consent (4), and incomplete medical record (7) and serious illness to complete the interview (1). Out of the total, 171 (50.3%) were females and the mean (± SD) age was 50.5 ±15.6 years. Majorities, 214 (62.9%) were from rural and more than half of them, 194 (57.1%) were not educated. With regard to social drug use, 7.9% and 10.3% of the participants were alcohol consumers and khat chewers, respectively. All of the participants were non-smokers. Two-hundred nineteen (64.4%) of the participants had a positive belief about their medication (Table 1) .
Clinical, medication and health care related characteristics
The mean (±SD) number of comorbidities per patient was 1.9±0.9. The commonly identified comorbidities in HF patients were ischemic heart diseases (43.5%), hypertension (25%), valvular heart diseases (21.2%) and atrial fibrillation (20.9%). The mean(±SD) duration of HF follow-up period was 2.6±2.1years. The majority of patients were in New York Heart Association (NYHA) classes III (48.5%) followed by class II (42.7%). More than half of the patients had been hospitalized one or more times within one-year data retrieval period. A total of 1,757 medication orders containing 1,389 medications were reviewed. The average number of medications per patient was 4.1±1.3. The most commonly prescribed drugs were diuretics (73.2%) followed by ACEIs (71.2%) and BBs (59.1%. Only 92 (27.1%) patients were actively involved in their drug therapy decision, and 112 (32.9%) patients had availability problems of their medicines in the health institution where they had a follow-up for treatment ( Table 2) .
Prevalence of drug therapy problems
Eight-hundred eighty DTPs were identified with a mean (± SD) DTP per patient of 2.6±1.8. One or more DTPs have been identified in 83.5% of the patients. The frequently identified DTPs were dosage too low (27.8%), ineffective drug therapy (27.6%), and need additional drug therapy (27.4%) ( Table 3) .
Drugs commonly implicated in DTPs
The commonly implicated classes of drugs in DTPs were BBs (34.4%) followed by ACEIs (24.8%), statins (16.5%) and antithrombotic (13.1%) (Fig 1) . Overall, 61% of DTPs were due to HF medications. BBs were frequently involved in ineffective drug therapy, dosage too low and need additional drug therapy while ACEIs were commonly associated with dosage too low. Although atenolol is not evidence-based BB for treating HF, it was prescribed for 146 (42.9%) patients. Only 55 (16.2%) of the patients were on evidence-based BBs. On the other hand, 84 (24.7%) of the patients were in need of BBs. Statins and antithrombotic were commonly associated with need additional drug therapy and ineffective drug therapy.
Factors contributing to DTPs
Univariable logistic regression analysis was performed to compare HF patients with DTP and without DTP using the socio-demographic, disease and medication related characteristics. Accordingly, more proportion of male patients than females had DTP (52.1% vs. 47.9%, p = 0.048). More proportion of older (age > 50 years) patients than younger patients developed DTPs (54.2% vs. 45.8%, p<0.001). More proportion of patients with a negative belief about their medication than those with a positive belief experienced DTP (59.2% vs.40.8%, p = 0.037). Patients actively involved in medication decision-making developed less DTP than patients poorly involved (21.5% vs. 78.5%, p<0.001). Patients with higher number of comorbidity and medication had more DTPs than patients with less co-morbidity and medication (Table 4) . Variables with P<0.25 in the univariable analyses were included in the multivariable logistic regression model. The whole model containing all predictors was statistically significant (Chi-square = 113.94, df = 12, P<0.001). According to multivariable analysis; age >50 years (AOR = 5.43, 95%CI = 2.03-14.50), negative belief on medication (AOR = 3.50, 95% (Table 4) .
Discussion
Clinicians may not be aware of the actual burden of DTP and its contributing factors. Hence, identification and documentation of DTP and its predictors will help them to design preventive strategies of DTP and provide responsible care of patients [14] . Therefore, our study determined the prevalence of DTPs and identified contributing factors and drugs implicated in DTP at ambulatory care of JUSH, Southwest Ethiopia. We have identified at least one DTP in 83.5% of study participants, which was in line to other studies [21, 23, [27] [28] [29] . The mean number of DTPs per patient was 2.60, which was lower than the mean reported in Taiwan, 5.90 DTPs per patient [30] , but higher than that of Spanish study, 1.5 DTP/patient [21] . This might variation might be due to the differences in a study design, clinical characteristics, population demographics, medication therapy used and methods of DTP identification and classification. In agreement to the study conducted in Spain [21] , dosage too low, ineffective drug therapy and need additional drug therapy were frequently identified DTPs. In contrary to the study from Thailand [28] and review of observational studies [31] , where the rate of adherence ranged from 40-60%, noncompliance and unnecessary drug therapy were reported to be low. The possible reason for this variation could also be due to the difference in methods of adherence measurement, medical practitioner's expertise and experiences, disease distribution and population demographics.
In contrary to Taiwan [30] study, BBs and statins were frequently implicated drug classes in DTPs. This might be attributed to lack of awareness of medical practitioners in our settings with regard to superior role of evidence-based BBs and high-intensity statins over atenolol and low intensity statins, respectively, which were the major contributors of ineffective drug therapy in the current study. Evidence-based guidelines [1, 3] recommend the use of only 3 BBs (metoprolol, carvedilol, and bisoprolol) that have proven survival benefit in HF patients. However, atenolol was prescribed in 42.9% of patients in this study. In addition, ACEIs and BBs are recommended for all patients with systolic HF unless contraindicated [1, 3] . In contrast, 24.7% and 5.3% of the patients were not taking BBs and ACEIs, respectively, while they were eligible for therapy. These all could be attributed to the absence of HF management guideline in our settings.
In the current study, about 61.0% of DTPs were due to HF medications. This is inconsistent with a study in Spain [21] , in which majority of DTPs (78%) were due to non-HF medications like anti-diabetics and allopurinol. This might be due to variation in diseases distribution and drug therapy used. Similar to previous studies [21, 23, [32] [33] [34] [35] , patients with polypharmacy (�5 drugs) were approximately three-times more likely to develop DTP than patients with a smaller number of drugs. The possible explanation for this could be polypharmacy might have led to poor-adherence, drug-interactions, and adverse drug events.
In line with other studies [32, 36, 37] , patients with older age were more likely to develop DTP than younger patients. This could be explained that patients with older age are more likely to have renal and liver impairment, more co-morbidity and multiple medications. Thus, they could be easily liable to dosing error, drug-interactions, ADR and non-compliance.
In our study, patients with more comorbidity were more likely to experience DTP. This is augmented by a study [29] , in which as the number of co-morbidities increased by one unit, Drug therapy problem in heart failure the risk of having DTP increased by 28.2%. This might be due to patients with more comorbidities are more likely to have multiple medications. Hence, they could be reluctant to take their medication appropriately. In addition, the risk of drug-interactions and ADR is increased in patients with multiple comorbidities.
Active participation of patients in their care process is important in enhancing the provision of quality pharmaceutical care service and in minimizing problems associated with their treatment [14] . Patients who were not actively involved in their drug therapy decision were approximately four times more likely to have DTPs than those who were actively involved decision-making. In agreement with other studies [37, 38] , patients with a negative medication belief were more likely to have DTP than those with a positive belief. The possible explanations for this could be due to patients with negative medication belief are less likely to adhere to their medications. Therefore, in order to minimize DTP, the involvement of patients in decision making and enhancing their positive belief about their medication should be considered in the management process of the HF patients.
Limitations and strengths
The cross-sectional nature of our study may not provide sufficient evidence of causation about DTP and its contributing factors. Due to self-report concerns, patients may understate socially Drug therapy problem in heart failure undesirable activities like medication non-adherence and negative medication beliefs. The results of this study could be affected by the difference in population demographics, health care delivery system, medical practitioner' expertise and experience, methods of DTP identification and classifications. Therefore, it should be extrapolated to other countries with careful consideration. Our study has strengths, such as the use of standardized DTPs identification criteria, use of prospective and retrospective patient data, and involvement of a panel of experts in DTP identification. We conducted this study in a teaching and referral hospital which is the largest public hospital in the southwest part of Ethiopia; hence, it could be generalized to other settings in the southwest of Ethiopia.
Conclusion
DTPs are common among ambulatory care HF patients. Patients with older age, negative medication belief, polypharmacy, co-morbidities and those who were poorly involved in the therapeutic decision were more likely to experience DTP. Despite the traditional prescription refilling, an integrated multidisciplinary approach involving the patients and clinically trained pharmacists should practically be implemented in the medication review and patient monitoring process at ambulatory care clinics in order to improve overall outcomes and reduce drug related complications and associated burdens in HF patients. Furthermore, health care professionals should actively involve patients in their therapeutic decision and educate patients to improve their belief about medication. 
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